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Nineteen patients with truncus arteriosus and single pul-
monary artery 'had corrective operations at the Mayo
Clinic from 1969to 1983.At operation, their ages ranged
from 4 months to 20 years (mean 8.1 years). The pre-
operative pulmonary resistance divided by 2 was used
to predict the degree of pulmonary vascular obstructive
disease at operation. The influence of elevated pulmo-
nary resistance and the intraoperative postrepair ratio
of pulmonary artery to left ventricular pressure on op-
erative and late mortality were examined.
The outcome of patients with single pulmonary artery
was compared with the outcome of 148 patients with
truncus arteriosus and two pulmonary arteries operated
on during the same period. Patients with a single pul-
monary artery had an operative mortality similar to that
of patients with two pulmonary arteries (32 versus 28%,
The natural history of uncorrected truncus arteriosus is char-
acterized by the inevitable development of pulmonary vas-
cular obstructive disease in those patients who survive in-
fancy (I). Obstruction follows prolonged hyperperfusion of
the pulmonary arteries at levels of systemic pressure . The
pulmonary vascular obstructive disease may be exacerbated
further in patients with either congenital absence or acquired
occlusion of a pulmonary artery (2).
Greatly elevated pulmonary vascular resistance in pa-
tients with truncus arteriosus and two pulmonary arteries
has been reported to increase the surgical mortality (3,4).
Postmortem histologic examination of the pulmonary vas-
cular bed from such patients shows good correlation between
an elevated pulmonary resistance and the degree of pul-
monary vascular obstructive disease.
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p > 0.05). Late mortality was, however, significantly
greater (p < 0.001) for patients with a single pulmonary
artery. Elevated ratios of intraoperative postrepair pul-
monary artery to left ventricular pressure were associ-
ated with significantly higher (p < 0.02) operative and
late mortality, but elevated preoperative pulmonary re-
sistance was not (p > 0.10).
Truncus arteriosus with single pulmonary artery is
associated with poor postoperative survival, and al-
though elevated pulmonary resistances preoperatively
did not predict outcome, elevated intraoperative postre-
pair pulmonary artery to left ventricular pressure ratios
were associated with increased operative and late sur-
vival, suggesting a deleterious role of pulmonary
hypertension.
aAm Coll CardioI1985;5:1l68-72)
Previous investigators (4) noted that patients with truncus
arteriosus and two pulmonary arteries had high operative
mortality when the total pulmonary resistance before op-
eration was greater than 8 U·m 2 • Mair et at. (3,5) reported
that, in patients with truncus arteriosus and a single pul-
monary artery , the most reliable predictor of the degree of
pulmonary vascular obstructive disease was half rather than
total pulmonary resistance.
This study examine s the long-term results of intracardiac
repair of truncus arteriosus with single pulmonary artery and
evaluates the influence of elevated preoperative pulmonary
resistance on survival and the occurrence of pulmonary vas-
cular obstructive disease. Operative and late survival data
also were compared with data from patients with truncus
arteriosus and two pulmonary arteries who were operated
on at the Mayo Clinic during the same period .
Methods
Patient description. At the Mayo Clinic from 1969 to
1983, 19 consecutive patients with truncus arteriosus and
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single pulmonary artery had intracardiac repair as described
previously (6). Their ages ranged from 4 months to 20 years
(mean 8.1 years). In 16 of the 19 patients, one pulmonary
artery was congenitally absent; 3 of the 16 had previous
banding of the single pulmonary artery at 2 months, 10
months and 11 years of age, respectively. In the three other
patients, one pulmonary artery was completely occluded
from previous pulmonary artery banding performed at 2112,
6 and 9 months of age, respectively. Patients with segmental
proximal atresia or occlusion of one pulmonary artery in
whom continuity with a normal-sized distal pulmonary ar-
tery was surgically reestablished were excluded.
Preoperative and intraoperative evaluation. All pa-
tients were evaluated preoperatively by cardiac catheteriza-
tion to determine hemodynamic criteria for operability based
on an assessment of the total pulmonary resistance, that is,
the mean pulmonary artery pressure divided by the pul-
monary flow index. Pulmonary flow indexes were measured
by the Fick method. Operation was offered only to patients
with truncus arteriosus and single pulmonary artery in whom
half of the pulmonary resistance was 8 U-nr' or less while
the patient was breathing room air or 100% oxygen (5).
Intraoperative postrepair measurements of peak systolic pul-
monary artery (16 patients) or right ventricular (3 patients)
to left ventricular pressure ratios were compared as indi-
cators of elevated pulmonary artery pressure after operation.
These data were compared with data from 148 patients with
truncus arteriosus and two pulmonary arteries who were
operated on during the same period.
Follow-up. All surviving patients completed a written
questionnaire that evaluated their clinical status. Information
also was obtained by review of the details of their most
recent clinical evaluations, either at our institution or by
their personal physician.
Statistical methods. Relation of continuous variables
and hospital mortality were assessed by the two-tailed Wil-
coxon rank-sum test. This nonparametric two-sample test
was used instead of the t test because of the highly skewed
distribution of values for preoperative pulmonary resistance.
Associations between late mortality and hemodynamic vari-
ables were assessed using the log-rank transformation (7)
and applying the Cox proportional hazards model (8). Sta-
tistical comparisons between the unilateral and bilateral pul-
monary artery groups were based on the chi-square test for
hospitalmortalityand the log-ranktest for long-termmortality.
Results
Pulmonary resistance and pressure. In 18 of the 19
patients operated on (Table 0, the preoperative total pul-
monary resistance ranged from 3.4 to 18.4 U'm2 (mean
10.7). When these values are expressed as pulmonary re-
sistance divided by 2, the resistance values ranged from 1.7
to 9.2 U·m 2 (mean 5.3). In I of the 19 patients (Case 0,
pulmonary resistance in room air was 33.6 U'm2 but de-
creased to 16.4 U/m2 (8.2 pulmonary resistance -:-- 2) during
the breathing of 100% oxygen. The intraoperative postrepair
pulmonary artery to left ventricular pressure ratios of 16
patients whose pulmonary artery pressure was measured
ranged from 0.31 to 1.2 (mean 0.64). In the other three
patients, the right ventricular to left ventricular pressure
ratios were 0.57, 0.60 and 0.60, respectively.
Perioperative deaths. Six (32%) of the 19 patients died
at or within I month of operation. Autopsy was performed
in five of the six. In four of the six (Cases 2, 4, 7 and 9),
pulmonary resistance was elevated, having values of 12.3
to 18.4 U-rrr'. Histologic changes of irreversible pulmonary
vascular obstructive disease (Heath-Edwards grade 2:3) (9)
were present at autopsy in the lungs supplied by the single
pulmonary artery in three of the four patients. In the fourth
patient (Case 9), who had a preoperative pulmonary resist-
ance of 12.3 U-rrr', only grade I Heath-Edwards lesions
were found at autopsy; in this case, hypoplasia of the distal
pulmonary artery probably led to overestimation of the pre-
operative pulmonary resistance and to elevated pulmonary
artery to left venticular pressure ratios (1.2) after repair.
Autopsy in the fifth patient (Case 16), who had a low pre-
operative resistance (5.4 U'm2) , revealed only grade I Heath-
Edwards changes in the pulmonary vascular bed supplied
by the single pulmonary artery.
Preoperative elevation ofpulmonary resistance was un-
associated with a higher operative mortality rate. The mean
pulmonary resistance was 11.5 U'm 2 for the 5 patients who
died at operation and 10.3 U'm2 for the 13 survivors. How-
ever, the intraoperative postrepair pulmonary artery to left
ventricular pressure ratio was significantly higher in patients
who died at operation than in survivors. The mean intra-
operative postrepair pulmonary artery to left ventricular
pressure ratio for survivors was 0.55 compared with 0.73
for patients who died at operation (p < 0.02). The overall
operative mortality rate of 32% for patients with truncus
arteriosus and a single pulmonary artery was not signifi-
cantly different from the rate of 28% for patients with trun-
cus arteriosus and two pulmonary arteries.
Late deaths. Seven late deaths (Cases I, 5, 6, 8, 10,
12 and 14) occurred from 18 to 100 months (mean 63.6)
after operation. The preoperative pulmonary resistance ranged
from 7.4 to 33.6 U'm2 (mean 15.0). In three of these seven
patients, severe pulmonary vascular obstructive disease was
demonstrated either by autopsy (Cases 6 and 10) or by
documentation of severe pulmonary hypertension at late
recatheterization (Cases 5 and 10). In Cases I and 8, autopsy
was not done. The remaining two patients had no evidence
of severe pulmonary hypertension or plexogenic pulmonary
vascular obstructive disease by late recatheterization (Case
12) or autopsy (Case 14). However, one of the patients
(Case 14) had evidence of thromboembolic pulmonary vas-
cular disease. Although the preoperative pulmonary resist-
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Table I. Outcomes of 19 Pat ients W ith Truncu s Arteriosus and Single Pulmonary Artery
Intraoperative Postrepair
Systolic Pressure
Age at Previous PA Distal PA Systemic LV or
Operation Banding Preop Rp Pressure Aortic Pressure Follow-up and
Case (y r) (age) (U' 1T!2) (mm Hg) (mm Hg) PAILV Present Status Outcome"
11 Nonc 33.6 60t 90 0.661 Late death, 18 mo No autopsy
(16.4)t postop
2 20 II yr 18.4 90 100 0.90 Operative death Gr 3 lesions at autopsy
3 7 None 17.1 62 115 0.54 Alive, 147 mo Catheterization 9 yr postop;
postop PAP 70 mm Hg
4 1 "1, 2 None 17.0 75 85 0.88 Operative death Gr 4 lesions at autopsy
5 8 2 mo 16.0 45 105 0.4 3 Late death, 100 mo Catheterization 3 yr postop;
postop PAP 120 mm Hg
6 15 None 15.0 75 1Oj; 0.71 Late death, 74 mo Gr 5 lesions at autopsy
postop
7 3 None 13.3 65 85 0.76 Operative death Gr 4 lesions at autopsy
8 6 None 13.0 65 100 0.65 Late death, 70 mo No autopsy
postop
9 13 None 12.3" 85 70 1.20 Operative death Gr I lesions at autopsy
10 8 6 mo< 11.6 70 110 0.64 Late death , 45 mo Catheterization 3 yr postop;
postop PAP 148 mm Hg, LV
90 mm Hg: gr 4 lesions
at autopsy
II 5 None 9.3 60 110 0.55 Alive, 79 mo postop
12 10 10 mo 8.5 40 100 0.40 Late death , 77 mo Catheterization 5 yr postop;
postop PAP 4,/" mm Hg
13 6 None 7.8 30 80 0.37 Alive. 13 mo postop Gr 1 and 2 lesions by biopsy
at operation
14 II 9 mo. 7.4 85 100 0.85 Late death, 61 mo Thromboembolic pulmonary
postop obstructive disease at
autopsy
15 2 Nonc 7.1 50 90 0.55 Alive, 74 mo postop
16 5 2'/ 2 mo
,
5.4 30 60 0.50 Operative death Gr I lesions at autopsy
17 12 None 5.3 25 80 0.31 Alive, 133 mo Catheterizat ion 112 mo postop;
postop Rp 3.3 U'm 2
18 12 None 3.7 55t 95 0.571 Alive. 60 mo postop
19 4112 None 3.4 4~:j: 75 0.60 Operative death No autopsy
*Heath-Edwards grade: evidence of pulmonary vascular obstructive disease. tOn 100% oxygen. :j:Right ventricular pressure rather than pulmonary
artery pressure. ' Right ventricularlleft ventricular rather than pulmonary artery/left ventricular. "preoperative total pulmonary resistance probably over-
estimated because of distal pulmonary artery stenosis. 'Acquired pulmonary artery occlusion. Gr = Heath-Edwards grade; LV = left ventricle; PA =
pulmonary artery; PAP = pulmonary artery pressure; postop = postoperative; Rp = total pulmonary resistance; RV = right ventricle .
Figure I . Long-term surv iva l after o pe ra tio n fo r truncus arteriosu s
with sing le pulmonary artery: pat ients with preoperative pu lmon ary
resistance (Rp) 8 U 'm2 or less compared wi th patients with pul-
mon ary re sistance greater than 8 U -rrr' .
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ance tended to be higher in pat ients who died late (six of
se ve n having a pulmonary res istance > 8 U, rrr') than in
survivors ( tw o of s ix o f whom h ad pulmonary resistance
> 8 U· rrr' ), this was not sta t is tica lly s ig n ific a n t because of
th e unequal times of follow-up in patients from each group
(F ig . I ) . Intraoperative postrepair pulmonary artery to left
ven tricular pressure ratios were , however, sig nificantly higher
in patients who died late than in surviv ors (p < 0.02) (F ig.
2) . L ate death was due to c o n gesti ve heart failure with
pulmonary hypertension in three patients and to sudde n death
in four patients, one of whom w a s receiving antiarrhythmic
therapy . Surgical repair w a s intact in all' autopsy cases.
Late survivors. Six (32%) of the 19 patients (Cases 3,
II , 13, 15, 16 and 18) were alive from 13 to 147 months
(mean 84.3) postoperatively. The preoperative pulmonary
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Figure 2. Long-termsurvivalafteroperationfor truncusarteriosus
with single pulmonary artery: patients with intraoperative postre-
pair pulmonary artery to left ventricular (PAILV) pressure ratio
0.6 or less compared with patients with pulmonary artery to left
ventricularpressure ratio greater than 0.6.
Figure 3. Long-term survival after operation for truncus arteri-
osus:patientswithunilateral pulmonary artery (PAj compared with
patients with bilateral pulmonary arteries.
resistance ranged from 3.4 to 17.1 U'm2 (mean 7.8). Only
one late survivor (Case 3) had evidence of pulmonary hy-
pertension at catheterization, having a mean pulmonary ar-
tery pressure of 70 mm Hg, which has been unchanged in
the 9 years since operation. One other patient (Case 17) has
been recatheterized 112 months postoperatively and has a
normal pulmonary resistance of 3.3 U·m2 .
Pulmonary vascular obstruction. When preoperative
total pulmonary resistance was greater than 8 U'm 2 (pul-
monary resistance -7- 2 > 4 U·m2) , histologic evidence of
advanced pulmonary vascular obstructive disease (Heath-
Edwards grade 3 or 4) was present at autopsy in three pa-
tients who died at operation. Patients with a preoperative
pulmonary resistance less than 8 U'm2 had minimal histo-
logic evidence of pulmonary vascular obstructive disease at
operation (two patients by autopsy [Case 16] or lung biopsy
[Case 13]) or had minimal pulmonary hypertension at late
recatheterization (one patient [Case 12]). Long-term sur-
vival was slightly better in patients with pulmonary resist-
ance less than 8 U-rn? and was significantly better in patients
with lower intraoperative postrepair pulmonary artery to left
ventricular pressure ratios.
Late survival: one versus two pulmonary arter-
ies. Late outcome of the 13operative survivors with a single
pulmonary artery was compared with late outcome of 106
operative survivors with truncus arteriosus and two pul-
monary arteries who were operated on during the same
period. The long-term outcome was significantly worse for
the patients with a single pulmonary artery (p < 0.001)
(Fig. 3).
Pulmonary artery banding. Prior pulmonary artery
banding resulted in occlusion of a pulmonary artery in three
of the patients in this series (Cases 10, 14 and 16). Of the
six patients who had banding to one or both pulmonary
arteries, two (Cases 5 and 10) still developed pulmonary
hypertension.
Discussion
This study demonstrates that patients with truncus arte-
riosus and only a single pulmonary artery are at high risk
for operative and late mortality and have a significantly
reduced late survival compared with patients with truncus
arteriosus and two pulmonary arteries.
Previous studies. In a previous study, Marcelletti et al.
(4) demonstrated that patients with truncus arteriosus and
two pulmonary arteries who had total pulmonary resistance
greater than 8 U'm 2 had a worse operative outcome than
did patients with pulmonary resistance less than 8 U'm2 •
Although an elevated pulmonary resistance did not signif-
icantly predict a higher operative mortality in patients with
a single pulmonary artery, an elevated intraoperative post-
repair pulmonary artery to left ventricular pressure ratio was
associated with both higher operative and late mortality.
This strongly implicates pulmonary vascular obstructive dis-
ease as a significantly detrimental factor in operative and
late survival.
Pulmonary artery banding often was ineffective in pre-
venting pulmonary vascular obstructive disease and post-
operative mortality in these and other patients (10). Pul-
monary banding itself has been associated with an operative
mortality rate of as high as 60% (II). Pulmonary banding
also creates the potential hazard of migration of the band,
causing occlusion of a pulmonary artery, as in three cases
in this study. Intracardiac repair in infancy without prior
banding avoids these hazards.
Significance of pulmonary resistance. In this study,
long-term survival was significantly worse in patients with
a single pulmonary artery than in cohorts with two pul-
monary arteries. Patients with pulmonary obstructive dis-
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ease before operation may be at a greater risk of continued
progression of the process than are patients with truncus
arteriosus and two pulmonary arteries. This may be due to
the entire cardiac output being directed through half the
normal number of pulmonary arterioles, causing each ar-
teriole to be subjected to twice the normal flow, which may
predispose to progression of pulmonary vascular obstructive
disease.
Although intraoperative postrepair pulmonary artery to
left ventricular peak systolic pressure ratios correlated with
operative and late mortality, preoperative pulmonary re-
sistances did not have statistically significant predictive value
on outcome. Although elevated pulmonary resistance did
not consistently predict intraoperative postrepair pulmonary
artery to left ventricular pressure ratios, pulmonary resist-
ance of greater than 8 U-rrr' (pulmonary resistance -;- 2 >
4 U' rrr') was associated with histologic evidence of advanced
pulmonary vascular obstructive disease. An error in esti-
mation of pulmonary flow could occur if significant collat-
eral blood supply was present to the lung of which the
pulmonary artery was absent. This would cause calculated
pulmonary flow to be overestimated and, therefore, pul-
monary resistance to be underestimated. It may be prudent,
therefore, not to rely on preoperative pulmonary resistance
as a single criterion for operability in patients with truncus
arteriosus and single pulmonary artery, when pulmonary
vascular obstructive disease is considered likely. In older
patients, a lung biopsy may be necessary to determine the
presence or absence of severe pulmonary arteriopathy. Even
when there is biopsy evidence of relatively mild pulmonary
vascular obstructive disease, the potential for its postoper-
ative progression and a poor late result should be explained
to patients.
Early repair advocated. Advanced pulmonary vascular
obstructive disease has been documented (12,13) in patients
who are younger than I year of age with truncus arteriosus
and two pulmonary arteries and was present in a 16 month
old child (Case 4) in this series. This early development of
irreversiblepulmonary vasculardisease in patients with truncus
arteriosus suggests that complete repair should be attempted
early in the first year of life in an attempt to prevent the
development of pulmonary vascular obstructive disease. If
only a single pulmonary artery is present, pulmonary ob-
structive disease may develop even more rapidly, and op-
eration should be performed within the first few months of
life. Recent reports (12-17) of successful correction of trun-
cus arteriosus in infancy, with an acceptably low mortality
rate, have made this approach to management of these pa-
tients feasible.
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Marc A. Shampo, PhD for help in the preparation of the manuscript.
References
I. Marcelletti C, McGoon DC, Mair DD. The natural history of truncus
arteriosus. Circulation 1976;54: 108-11.
2. Pool PE, Vogel IHK, Blount SG Jr. Congenital unilateral absence of
a pulmonary artery: the importance of flow in pulmonary hypertension.
Am J Cardiol 1962;10:706-32.
3. Mair DD, Ritter DG, Davis GD, Wallace RB, Danielson GK, McGoon
DC. Selection of patients with truncus arteriosus for surgical correc-
tion: anatomic and hemodynamic considerations. Circulation
1974;49:144-51.
4. Marcelletti C, McGoon DC, Danielson GK, Wallace RB, Mair DD.
Early and late results of surgical repair of truncus arteriosus. Circu-
lation 1977;55:636-41.
5. Mair DD, Ritter DG, Danielson GK, Wallace RB, McGoon DC.
Truncus arteriosus with unilateral absence of a pulmonary artery: cri-
teria for operability and surgical results. Circulation 1977;55:641-7.
6. McGoon DC, Rastelli GC, Ongley PA. An operation for the correction
of truncus arteriosus. lAMA 1968;205:69-73.
7. O'Brien Pc. A nonparametric test for association with censored data.
Biometrics 1978;34:243-50.
8. Cox DR. Regression models and life tables. 1 R Stat Soc (series B)
1972;34:187-220.
9. Heath D, Edwards IE. The pathology of hypertensive pulmonary vas-
cular disease: a description of six grades of structural changes in the
pulmonary arteries with special reference to congenital cardiac septal
defects. Circulation 1958;18:533-47.
10. McFaul RC, Mair DD, Feldt RH, Ritter 00, McGoon DC. Truncus
arteriosus and previous pulmonary arterial banding: clinical and hemo-
dynamic assessment. Am 1 Cardiol 1976;38:626-32.
I I. Musumeci F, Piccoli GP, Dickinson DF, Hamilton Dl. Surgical ex-
perience with persistent truncus arteriosus in symptomatic infants un-
der I year of age: report of 13 consecutive cases. Br Heart 1
1981;46:179-85.
12. Zannini L, Galli R, Curien N, Charon B, Hazan E. Trattamento
chirurgico del truncus arteriosus nei primi due anni di vita. G Ital
Cardiol 1982;12:723-8.
13. Stark 1, Gandhi D, de Leval M, Macartney F, Taylor IFN. Surgical
treatment of persistent truncus arteriosus in the first year of life. Br
Heart 11978;40:1280-7.
14. Peetz OJ Jr, Spicer RL, Crowley DC, Sloan H, Behrendt DM. Cor-
rection of truncus arteriosus in the neonate using a nonvalved conduit.
1 Thorac Cardiovasc Surg 1982;83:743-6.
15. Ebert PA, Robinson sr, Stanger P, Engle MA. Pulmonary artery
conduits in infants younger than six months of age. J Thorac Car-
diovasc Surg 1976;72:351-5.
16. Parenzan L, Crupi G, Alfieri 0, et al. Surgical repair of persistent
truncus arteriosus in infancy. Thorac Cardiovasc Surg 1980;28: 18-20.
17. Stegmann T, Oelert H, Luhmer I, Kallfelz HC, Borst HG. Surgical
correction of truncus arteriosus type I. Thorac Cardiovasc Surg
1982;30:163-6.
